Maternal behaviour and child birth outcomes have been shown to be associated with the risk of disease in children. However, little is known about their association with the trajectories of physical development. The aim of this study was to identify factors associated with body mass index (BMI) trajectories in Japanese toddlers. All 900 children born in Ibara City between 2006 and 2009 were enrolled in this study with their mothers. Children's heights and weights were measured, as was BMI (weight [kg]/height [m] 2 ). Multilevel analyses examined the association of maternal behaviour (smoking, using formula milk, and leaving the child in a daytime nursery) and birth outcomes (weight, parity, and gestational age) with standardized BMI trajectories (z-score analysis). Average BMIs ± standard deviations at birth and at 1.5, 2, and 3 years were 12.6 ± 1.3, 16.8 ± 1.2, 16.1 ± 1.2, and 15.7 ± 0.1, respectively. Maternal behaviour was not associated with BMI trajectories. However, BMIs of low birth weight children at 3 years were significantly higher than those of other children (β = 1.799, P < 0.001), although the increments slightly decreased over time (β = −0.035, P < 0.001). The BMI increments of prematurely born children also slightly decreased over time (β = −0.04271, P < 0.001). Other evaluated factors were not associated with BMI trajectories. Our results showed that low birth weight children are more likely to exhibit lower BMIs until 2 years of age; however, BMI rapidly rises afterwards. Longer follow-up periods are warranted to evaluate the consequence of the late-year rapid increases in BMI among low birth weight children.
Introduction
Environmental influences in utero and in early infancy, especially maternal diet and smoking, are associated with several diseases later in a child's life; these include metabolic syndrome, coronary heart disease, and type 2 diabetes [1] [2] [3] [4] . To prevent these afflictions, it is important to control body size from as early in infancy as possible.
Growth during the first year of life involves a rapid increase in body mass index (BMI). BMI subsequently declines and reaches its nadir at around 6 years of age, and then resumes increasing. This second rise in the BMI curve is referred to as the adiposity rebound (AR). Many studies found that the timing of the AR may be predictive of obesity in adulthood [5] - [10] . Some studies also revealed an association between weight gain during infancy and obesity later in life [11] [12] . However, studies that examined individual BMI trajectories concluded that an early AR was not associated with being overweight in early life [13] , and that increments of weight gain in early infancy were not associated with the timing of AR [14] . These results collectively imply that more studies are required to clarify the relationship between body mass trajectories in childhood and long-term health.
To our knowledge, only the duration of breast feeding [15] and maternal smoking during pregnancy [16] have been investigated for their influences on growth patterns during infancy; no studies have examined the role of broader maternal lifestyle habits during gestation and early infancy on obesity and thinness; such habits include working outside the home and enrolling children in daytime nurseries. Hence, the aim of this study was to identify infants' physical characteristics, as well as maternal behavioural factors that are associated with BMI trajectories in Japanese toddlers from birth until the age of 3 years.
Patients and Methods

Study Cohort
The study was performed in Ibara, a rural city that had a population of 41,713 in September 2016; one-half of the populace works in primary or secondary industries, and the remainder works in the tertiary industry sector. The city is located in Okayama Prefecture, and its residents include a high proportion of elderly individuals who are 65 years or older (42.0%); the fertility rate in Ibara was 0.6% in 2011. All children born in this city receive infant health checks at a health centre during their preschool years; their data are stored at a regional health centre. We conducted a retrospective analysis of data from all 900 children (469 boys and 431 girls) born in Ibara between April 2, 2006 and March 31, 2009 , as well as data from their mothers. A questionnaire-based survey of maternal lifestyle during pregnancy was conducted to determine any associations with BMI changes at the time of each visit.
This study was approved by the Research Ethics Committee of the Graduate School of Health Science at the University of Okayama(approval number T14-01), and was conducted in accordance with the Guidelines Concerning Epidemiological Research (Ministry of Education, Culture, Sports, Science, and Technology; and Ministry of Health, Labour, and Welfare; Japan), with the cooperation of the Ibara City Municipality. Individual informed consent was not required for this retrospective study; however, parents and other citizens were informed of the potential utilization of health check-up data for research purposes via public notices posted on information boards at the community health centres in the city.
Data Collection
Standard anthropometric measurements of children's lengths/heights and weights using strict protocols were conducted by a small group of trained staff at 1.5, 2, and 3 years of age. In Japan, regular health check-ups for children of these age groups, especially 1.5-and 3-year olds, are legally required to be performed by the municipal government. Length or height was measured to the nearest 0.1 cm using a baby digital table at birth and at follow-up sessions before the age of 1 year; a digital height and weight scale was used thereafter. Weight was assessed to the nearest 100 g using the digital weight scale. At each follow-up session, BMI was calculated from the measured height and weight using the formula: weight (kg)/height (m) 2 . In children under 2 years of age, weight (kg)/length (m) 2 was used as a proxy for BMI. To maximize comparability, individual BMI z-scores were also calculated according to the World Health Organization
Standards [17] .
Reference data regarding birth length and weight, birth order, and gestational week of delivery were obtained from the Maternal and Child Health Handbook, an official publication containing guidelines for obstetric professionals and pregnant women as well as actual children's data.
Information on the following factors was collected and scored through interviews conducted by public health nurses during the children's regular health check-ups, and were considered independent environmental variables having a potential impact on BMI changes in children: maternal smoking habits (1 = smoking or 0 = non-smoking), enrolment in a daytime nursery (1 = using or 2 = not using), and using formula until 4 months of age (1 = using or 0 = not using). Additionally, we incorporated age (1 = 2 years of age or older; 0 = younger than 2 years) because the trajectory of BMI during infancy tends to change at the 2-year point.
Statistical Analyses
Data for the 900 children encompassed a maximum of 4 follow-up exams; BMI data were available for at least 1 of the 4 points of measure for 863 of our subjects. We focused on birth weight (kg) and BMI (kg/m 2 ), and excluded individuals for whom data on weight, height, age, or sex were unavailable. We used a 2-level random intercept models as follows: The time of measurement was set to level1 and the individuals were set to level2. For level1, we specified the times of BMI measurements (at 1.5 years, 2 years, or 3 years) as ordinal. For level 2, we used the fixed effects of the infants' sex, gestational age, parity, maternal smoking, and attendance of a daytime nursery. The analyses were conducted with the statistical software SAS 9.3 (SAS Institute Inc., Cary, NC, USA) using the MIXED procedure for multilevel analyses with maximum likelihood estimation. To evaluate the association between level 2 predictor variables and the BMI trajectory, we modelled these individual variables and interaction terms for each individual variable as well as the time variable. Table 1 shows the distributions of the key variables. Over one-half of the participants were boys (51.8%). There was no difference in maternal BMI for women giving birth to boys vs. girls. More boys were born pre-term than girls; however, more girls were born post-term than boys. No other variables differed significantly between the sexes. Additionally, there were 7 pairs of twins (14 children). Table 2 shows the distributions of BMIs at each time point. The mean BMI ± standard deviation of all children at birth was 12.6 ± 1.3, rising to 16.8 ± 1.2 at 1.5 years of age and decreasing to 15.7 ± 1.2 by the age of 3 years. There was no difference in the slope of this trajectory between boys and girls. Hence, the BMI increased after birth and attained its maximum at 1.5 years of age. It then decreased by 3 years of age in both sexes; the rate of decrease was higher in boys.
Results
Characteristics of Participants
Body Mass Trajectories during Infancy
Regression coefficients associated with BMI effects during infancy are shown in Supplemental ( Table 1) . As might be expected, the BMI values estimated at each measurement points increased significantly in almost all models. However, the BMI change increments varied for each duration (1.5, 2, and 3 years of age); the largest increment was during the first period, after which it decreased gradually in all models.
When BMI at 3 years of age was estimated using a univariable model (Model 2), BMIs of low birth weight children were significantly lower than those of children without low birth weights (β = −2.0189, P < 0.001). BMI trajectories increased until 1.5 years of age, and then decreased in both categories of children; however, the differences in BMI decreased over time ( Figure 1 ). As for BMI changes by gestational age, the BMI increments of prematurely born children were generally the same as for other children, and slightly decreased over time after the age of 1.5 years, as estimated by the crude model (Model 3) (Figure 2) .
Similarly, we ran crude models focusing on factors closely related to birth weight (Models 4 -8), but did not find statistically significant associations (Table S1 ). Parity and sex showed marginal associations; the BMIs of first-born children at 3 years of age were lower than those of their siblings; however, there were no significant differences with respect to age. Therefore, we ran adjusted models based on factors associated with parity and sex (Model 9).
Discussion
Our study investigated BMI trajectories and the factors associated with BMI changes in Japanese infants born in a rural area. We found that the BMIs of low birth weight children tend to increase more slowly in the first 1.5 years of life, and to decrease more rapidly afterwards, when compared to non-low birth weight infants. Additionally, the rate of BMI increase in children of pre-term birth tends to be lower than that of other children. On the other hand, low birth weight is the only factor associated with BMI during infancy; maternal behaviour does not appear to be associated with BMI changes.
Our observations indicated that AR in children born prematurely and/or in those with low birth weights is achieved sooner than in other children. These results are consistent with those of previous studies [18] [19] [20] . Moreover, similar studies found that the timing of AR is predictive of obesity in adulthood [6] [13] [21] , and low birth weight may also be associated with later childhood obesity [22] [23]. These data therefore suggest that children with low birth weights are at a greater risk of obesity compared to other children. However, when we investigated whether gestational age is associated with birth weight, we found that the rate of BMI change of children born prematurely did not increase any faster than that of other children after 2 years of age. Of note, BMIs of children not born prematurely might have been overestimated in our study, because our "not premature" subjects included children born post-term.
On the other hand, factors that other studies found to be associated with childhood obesity were not identified as such in our study. These factors included parity [19] , maternal smoking during pregnancy [22] [24] [25] [26] , feeding behaviour and period of breastfeeding [22] [27] [28] , and enrolment in a daytime nursery (which was associated with the breastfeeding period). Our study only collected data of participants up to the age of 3 years, an age group in which the onset of obesity is very rare; therefore, we could not identify any associations with the actual onset of obesity. The collection of data between the ages of 3 years and adolescence (when obesity develops) is required to investigate the relationships between childhood obesity and each of the environmental factors described herein.
This study has some limitations. First, errors in measurement are likely, especially with respect to height. However, such errors were random; therefore, there ought to be no bias towards any particular classification. However, measurement errors can lead to the underestimation of associations between predictors and BMI trajectories; this may
explain why most associations we tested were negative. Second, our data concerning feeding behaviour, enrolment in a daytime nursery, and smoking status were based on self-reporting questionnaires. Third, our follow-up period was too short to evaluate the risks associated with low birth weight; we are planning to conduct a study with a longer follow-up period in the future.
However, this study has several strengths. First, it was population-based and included a relatively large sample size. The subjects of this study were representative, as we used data from an entire population of children born in the city during a specific period. Second, this type of study investigating associations between life factors during infancy and the body mass trajectory, as determined using data collection 4 times in the first 3 years of life, is rare. Despite the previously mentioned limitations, our results in-dicate that AR in low birth weight children may appear during early infancy, a period much earlier than that observed for normal birth weight children. Our data also implies that low birth weight children may have a tendency towards obesity later in life owing to predisposition caused by an earlier AR.
Conclusion
Our data showed that low birth weight children showed greater decreases in BMI before attaining 2 years of age compared to non-low birth weight children, and also exhibited more rapid BMI increases after that age. However, maternal behaviour was not associated with BMI changes during infancy. This suggests that AR in low birth weight children may appear during early infancy. Factors associated with the rate of BMI decline before 3 years of age may be associated with obesity. However, our results do not prove that low birth weight is the only factor associated with obesity. Future studies to identify the effects of lifestyle factors on body mass trajectory that collect further longitudinal data, including the period of adolescence, are required. Table S1 . Regression coefficients describing the effects of BMI during infancy. 
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